INTRODUCTION
The energy issue has been one of the crucial problems due to the human population raised, environmental impacts, and its reserves. As one of the primary energy resources, petroleum still plays a role as the most significant supply energy in many parts of the world. Including in Indonesia, as it was reported statistically by Indonesia Ministry of Energy and Mineral Resource, in 2016, petroleum supplied to about 33.19% of energy needs in Indonesia (Figure 1 ). Since it is believed that crude oil is one of the unrenewable resources, its availability will gradually decline day by day. This argument is supported by the fact that in the last three years, the proven oil reserved in Indonesia is getting lower to about 3.17 billion barrels (2017) from 3.31 billion barrels (2016) and 3.60 billion barrels (2015) respectively (Ministry of Energy and Mineral Resources, 2017) .
The highest consumption of energy in Indonesia derived from an industrial, household, and transportation sectors. Among the type of fuel oil, diesel likes automotive diesel oil (ADO), industrialized diesel oil (IDO), and biodiesel is one of the most fuel oil widely used. The utilization of petroleum diesel is still more reasonable and economical even though there is a limitation of its feedstock. However, due to energy scarcity problem in the future, efforts to reduce the use of petroleum energy sources is getting higher by increasing of biofuels application. The idea to apply biodiesel as petroleum diesel substitute has been made in the last decades by improving the research and development relates to its production.
The synthesis of biodiesel can be done through transesterification of triacylglycerol (TAG) 60 and alcohol in the presence of an alkaline catalyst. TAG is the largest of the lipid components in a biomass source. A triglyceride molecule is formerly called "oil" if it is liquid and "fat" if it is solid at normal (ambient) condition (Gupta, 2017) . Among its products, Fatty Acid Methyl Ester (FAME) is the most biodiesel produced, using methanol as the alcohol. The FAME production depends on the percentage of free fatty acid (FFA) in the oil by means, oil with FFA content 0.5-1% can be transesterified directly to form FAME (Canakci & Van Gerpen, 2001) . Also, preliminary treatment is needed to convert FFA to FAME in the presence of acid catalysts, such as sulfuric acid for more than 1% of FFA content. About 70 to 80% of the total cost of biodiesel production comes from raw material costs (Gui et al., 2008) . Reducing the cost of raw materials, the manufacturing of biodiesel becomes feasible to develop. In Indonesia, palm oil is still regarded as a primary resource for its preparation. However, palm oil is also the primary source of edible oil, besides other purposes. Therefore, this usage for biodiesel need will no longer be a good idea to develop in the future. Utilization of a waste stream as an alternative source is believed to be a promising solution to overcome environmental problems, as well as competition between food and energy supply.
Indonesia is the largest coffee producing country in the world besides Brazil, Vietnam, and Colombia. International Coffee Organization (2016) released that Indonesia could produce 691,500 tons/year of coffee. Robusta and Arabica are two main corps from Indonesia. Comparing to Arabica, the crops of Robusta coffee is too much higher, dominantly planted in some regions of Indonesia, and herewith, it is also widely used in instant-coffee manufacturing. Instant coffee waste is one of an industrial waste stream that has not been widely used yet. One instant-coffee plant could dispose of about four tons per day of spent coffee and possible to apply as a biodiesel feedstock.
A green bean of Robusta coffee contains 9.0 to 13% of fat and rise to about 11.0 to 16.0% after roasting (Wei & Tanokura, 2015) . TAG is the highest lipid component that could reach about 75% on a dry weight basis in a coffee bean (Speer & Kölling-Speer, 2006) .
Upgrading of coffee waste as a biodiesel raw material has developed since the use of defect coffee beans (Oliveira et al., 2006; Oliveira et al., 2008) . Further experiments then conducted to study the potential of spent coffee ground as an alternative source (Kondamudi et al., 2008; Couto et al., 2009; Al-Hamamre et al., 2012; Abdullah & Koc, 2013; de Melo et al., 2014; Phimsen et al., 2016) . Various extraction method developed besides Soxhlet extraction to determine the extracted oil likes supercritical fluid extraction (Couto et al., 2009; de Melo et al., 2014) , and two-phase solvent extraction assisted by ultrasonication (Abdullah & Koc, 2013) . Phimsen et al. (2016) have synthesized green diesel through a catalytic hydrotreating process from the spent coffee ground.
Instant-coffee waste is one of an industrial waste stream that has not been widely used yet. One instant-coffee plant could dispose of about four tons per day of spent coffee and possible to apply as a biodiesel feedstock. Instant-coffee waste is more accessible in collection term than spent coffee used in the previous studies. Nevertheless, different processing on instant-coffee production might influence the quality of oil contained. Thus, in this study, the oil was extracted from instant-coffee waste through Soxhlet extractor and determine its physical and chemical properties for a biodiesel feedstock purpose.
MATERIALS AND METHODS

Instant-Coffee Waste
The instant-coffee waste was derived from one of the industrial instant-coffee in Indonesia. The coffee beans are from Robusta species. These samples were prepared by drying wet coffee waste in the oven at 105°C and scaling its weight in every 15 minutes intervals until constant weight reached. 
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The samples then pulverized by a conventional coffee grinder and filtered to have a size from 100 to 200 mesh. The filtered coffee grounds have 5.41±0.04% of water content subjected to plastic containers and placed in a desiccator for further treatment.
Solvent
The n-hexane technical grade was a solvent chosen to conduct leaching through Soxhlet apparatus. N-hexane is a non-polar organic solvent and capable of extracting higher oils (Al-Hamamre et al., 2012) . This hydrocarbon also has a relatively lower boiling point than other chemicals and more efficient in heat utilization. The solvent supplied from one of a laboratory and chemicals store in Bandar Lampung.
Soxhlet Extraction and Oil Recovery
Amount of 20 g sample of coffee grounds loaded into Soxhlet extractor. N-hexane was prepared about 500 mL and put into two necks round boiling flask. The extractor apparatus constructed and cooling water recirculated in a condenser by a pneumatic pump. Solvent extraction started by switching on the heating mantle, beginning from five cycles, and repeated by five cycles interval. The leaching held around the boiling point of n-hexane and terminated until there was no significant difference in the extracted oil result. The solvent removed from the mixture by a rotary vacuum evaporator and ended about 5 to 10 minutes until there was no droplet of n-hexane observed. The percentage of extracted coffee oil on a dry weight basis defined as the ratio of coffee oil, w o to the coffee ground, w s :
(1)
Physicochemical Characterization
The density, viscosity, acid value, and saponification value of coffee oil result was determined to characterize its physicochemical properties. The pycnometer method was used to measure the coffee oil density correspond to ambient temperature. The Ostwald viscometer is used to determine its viscosity. Both acid value (AV) and saponification value (SV) were obtained by titration according to standard procedures. AV of the oil was determined according to AOCS Ca 5a-40, resulted by multiplication of FFA to 1.99 (Wrolstad, et al., 2005) . The FFA content calculated according to Eq. (2).
%FFA =
volume NaOH (mL) × N NaOH × 28.2 w oil
(2)
The saponification value (SV) was determined according to the AOCS Cd 3-25 method. The amount of 0.5 N of HCl (mL) needed to titrate the blank (B) and sample (S), and about 2 g of the coffee oil sample is used to calculate SV relating to Eq. (3) (Wrolstad et al., 2005) .
Analysis of Fatty Acid Composition
The GC-MS QP-2010S Shimadzu analyzed the fatty acid compounds and its composition in the oil. The gas chromatography has specifications: Agilent HP 1MS type of column, 30 m long, 0.25 mm ID, 0.25 um film. The carrier gas was Helium with ionizing EI 70 Ev. Oven column temperature was 50 o C, injection temperature 300 o C, pressure 12 kPa, total flow 40 mL/min, column flow 0.54 mL/min. The MS reading started at 1.8 minutes was performed up to 60 minutes. The oil was firstly transesterified to obtain FAME. FAME was produced by reacting the oil sample with 1:3 (v/v) methanol in the presence of the BF3 catalyst. The reaction was carried out at 60°C for 1 hour then cooled and extracted with n-hexane. The upper layer was taken and injected into the GCMS for analysis. The mass spectrum adjusted referred to the GC-MS library (Wiley 229). The composition of fatty acids was determined by the percentage of peak areas from the chromatogram.
RESULTS AND DISCUSSION
Percentage of The Extracted Coffee Oil
The extracted oil obtained on 20 cycles of Soxhlet extraction (equal to 145 minutes) was 17.6% on a dry weight basis. This result did not differ significantly from 25 cycles of leaching. Couto et al. (2009) In instant-coffee manufacturing, the coffee bean was contacted directly to the hot water which its temperature is between 160 to 180 o C and pressure is between 14 to 16 bar (Viani & Petracco, 2007) . This condition potential to progress hydrolysis thermally of TAG. A mixture of diacylglycerol (DAG), monoacylglycerol (MAG), FFA, and glycerol might gain as a result of dissociation of TAG (Folstar, 1985; Frankel, 2005) . Table 1 illustrates the physical and chemical properties of extracted oil obtained from the physicochemical analysis. The coffee oil density obtained from this study was similar to that Abdullah & Koc (2013) observed (0.89 g/ml), but it was slightly lower than other results, i.e., 0. Acid value (AV) and saponification value (SV) are other properties determine the quality of oils. AV corresponds to FFA content of the oil and defines as the amount of KOH needed to neutralize the free acid contained in the oil. The presence of FFA in the oil was 22.35% (equals to 44.47 of AV). This result is too much higher than Al-Hamamre et al analyzed, namely 7.3. In contrast, this acid value is still sharply lower than study conducted by Caetano et a (118.4 of AV). The high of AV in this study presumably as results of direct contact between the coffee bean and hot water during the brewing process in instant-coffee manufacturing. The moisture in oil responsible for increasing the FFA level through hydrolyzing of TAG and could be accelerated by heat and pressure (Wan, 2000) . One-step esterification could produce unwanted soap due to a basic catalyst involved reacting with the FFA. Therefore, for this result, it is more convenient to proceed the crude oil in two-step esterification process by reducing its FFA content first with an acid catalyst and then continuing with a basic catalyst in biodiesel preparation.
The Physcal and Chemical Properties of The Extracted Coffee Oil
Another chemical properties, SV of the oil was also measured and the value of SV to 176.40 mgKOH/g reported. This result is close to the previous result, that is 173.9 mgKOH/g using spent coffee ground as a subject (Al-Hamamre, et al., 2012) . The saponification value is defined as the amount of alkali required to saponify a certain amount of oil. The SV is inversely proportional to the average molecular weight of an oil (Wan, 2000) therefore, a low value of SV indicates longer fatty acids (Wrolstad, et al., 2005) .
The Fatty Acid Composition of The Extracted Coffee Oil
The fatty acid composition from extracted oil is represented by fatty acid methyl ester profiles through TGA transenstericiation and shown by Figure 2 and Table 2 respectively. The mass spectrometer reading based on the GCMS library (Wiley 229) observed on Table 3 including previous result as its comparison. The main fatty acid components observed via GCMS scanning but most of them particularly have transformed from cisfatty acids to trans-fatty acids. This results are different from prior study, reported that the fatty acid profiles were independent of the processing of raw materials (green versus roasted), the preparation method (coffee brew versus filtration), and also the extraction method (Soxhlet vs. supercritical CO2) (de Melo et al., 2014) . The highest fatty acid component in coffee oil is elaidic (43.94%), followed by linoleaidic (30.05%), stearic (12.99%), palmitic (11.03%) and arachidic (1.99%) respectively.
Unsaturated fatty acids are unstable and are very susceptible to conduct oxidation even at ambient temperatures (Gupta, 2017) . However, hydrogen atoms on opposite sides of the double bond (trans-form) are thermodynamically more stable. When there is enough chemical energy, such :0 (wt%) C14:0 (wt%) C16:0 (wt%) C18:0 (wt%) C18:1 (wt%) C18:1 (wt%) C18:2 (wt%) C18:2 (wt%) C18:3 (wt%) C20:0 (wt%) as through oxidation or hydrogenation, the cisdouble bonds may be isomerized to form transdouble bonds, which are often accompanied by positional shifts of the double bond on the aliphatic carbon chain (Wan, 2000; Gupta, 2017) .
CONCLUSION
This study reveals physical and chemical properties distinct between oil from instant-coffee waste and oil from green coffee beans and others from the spent coffee ground. Further investigation is needed to synthesize biodiesel from the coffee oil to measure its quality and to know whether it will have future prospects as another alternative resource of biodiesel feedstocks. Regarding its sufficient volume available and amount of oil content within, and also easy to handle, instantcoffee waste will be promising as a sustainable reserve.
